Characterization of lanthanides as competitors of Na+ and K+ in occlusion sites of renal (Na+,K+)-ATPase.
Lanthanides are useful probes in Ca2+ binding proteins, including sarcoplasmic reticulum (Ca2+,Mg2+)-ATPase. Here, we report that lanthanides compete with Rb+ and Na+ for occlusion in renal (Na+,K+)-ATPase. The lanthanides appear to bind at a single site and act as competitive antagonists, without themselves becoming occluded. All lanthanides tested are effective with the order of potencies Pr greater than Nd greater than La greater than Eu greater than Tb greater than Ho greater than Er, but differences are small. The presence of Mg2+ ions does not affect competition of La3+ with Na+ or K+ suggesting that the effects are not exerted via divalent metal sites. Lanthanides compete with Rb+ and Na+ in membranes digested with trypsin so as to produce 19-kDa and smaller fragments of the alpha-chain (Karlish, S.J.D., Goldshleger, R., and Stein, W. D. (1990) Proc. Natl. Acad. Sci. U.S.A. 87, 4566-4570), also suggestive of a direct interaction of lanthanides with Na+ and K+ sites. Effects of lanthanides on conformational changes of fluorescein-labeled (Na+,K+)-ATPase are Na(+)-like. They stabilize the E1 state and compete with K+ ions. The Ki for La3+ is 0.445 microM. The apparent affinity in fluorescence assays is proportional to enzyme concentration (Ki = 32.4*[protein] + 0.445 microM La3+), suggesting that lanthanides are also bound nonspecifically (possibly to phospholipids). Direct assays confirm that Tb3+ binding is nonspecific. Measurements of the rate of various conformational transitions show that the rate of E2(K+)----E1(X) (X = Na+ or La3+) is significantly inhibited by La3+ compared to Na+. La3+ ions also slightly accelerate the rate of the E1----E2(K+) conformational transition. The dissociation rate of La3+ has been measured by monitoring the rate of E1(La3+)----E2(K+). It is 1.741 s-1 at 25 degrees C. Based on this value, it is unlikely that La3+ ions are stably occluded, consistent with the conclusion from occlusion experiments. In the future, lanthanides bound to monovalent cation sites with high affinity may become useful probes for location and characterization of sites, although it will be necessary to take into account the large amount of nonspecific binding.